genetic studies concerning the natural structure of Japanese populations of chum salmon are clouded by a long history of transplantation among populations. It is impossible to discern whether present population structures approximate those of populations prior to transplantations or have been significantly impacted by establishment or interbreeding of transplanted populations.
Transplantations have not been made in most chum salmon populations of North America. Therefore, examination of the genetic structure of North American populations may provide general insights into the structures of pre-transplantation populations of chum salmon including those of Japan .
This paper examines the structures of eleven untransplanted populations of chum salmon from three regions of North America based on collections made by the author during a visit to North America in 1978 and 1979 . Its purposes include (1) documentation of allelic frequencies of chum salmon populations of North America for identifying racial components of mixtures of stocks taken on the open ocean , and (2) identifying patterns that may provide clues to the original structure of Japanese populations . The data confirms the distinctness of North American and Asian populations suggested by earlier studies2, 5, 6) and suggest that generalized patterns of distribution exist within major drainages that may help in the understanding of the structures of the original chum salmon populations of Japan.
Materials and Methods
Sample locations are identified in Fig. 1 and dates of collection and numbers of samples are listed in Table 2 . Tissues collected from each fish included liver, heart, skeletal muscle and eyeball. Samples from spawning areas were collected in British Columbia. Alaskan samples were collected from local fishermen at the mouth of the Yukon River or along coastal areas where developed gonads and nuptial coloration or hooked snout indicated that the fish were destined for imminent spawning in the immediate vicinity.All tissues were frozen immediately following collection and remained frozen for up to six months until processed for electrophoresis.
Genetic data were collected from fourteen polymorphic systems (Table 1) . Processing of samples and electrophoretic methods have been described elsewhere7,8).
Staining procedures followed methods outlined in SICILIANO and SHAW9).
Results
Many of the variant alleles of the fourteen polymorphic loci of this study have previously been reported.
This variation includes: The chum salmon runs returning to the Yukon River have been separated into two groups on the basis of their time of return20). Fish of the summer run, which is more abundant and returns to the river from early June to mid-July are smaller and mature rapidly upon reaching freshwater to spawn in the lower reaches of the river. The fall run fish, returning from late July through early September, are larger and spawn in the upper sections of the river21).
Both the summer and fall runs of the Yukon River were sampled at the river mouth (Emmonak) and therefore, almost certainly reflected mixtures of populations returning to different areas upstream. However, phenotypic frequencies of both collections conformed to Hardy-Weinberg expectations which would not be expected if highly divergent allelic frequencies occurred among populations within the two runs; it is therefore assumed that similar allelic frequencies exist among component populations of each run. Allelic frequencies were also similar between runs where only LDH-1 had a difference of fairly low significance (x2=5.37; p<.05).
Thus, only minimal differences exist between the two runs in spite of different timing, spawning locations and body size. It is assumed that the similarities within and between runs persist through some degree of gene flow among populations. Similarly, differences among the Fraser River collections are small although the three tributary rivers represent half of the total chum salmon return to the Fraser River22). The only significant differences occurs between the Harrison and Vedder Rivers at the Pep-LGG (x2=12.11;p<.01). These similarities within the Fraser River as well as among all of the British Columbia collections suggest that gene flow is occurring throughout the range of these samples. SEEB and WISHARD11) examined allelic frequencies of chum salmon populations in Puget Sound just south of the Fraser River and close to the southern limits of chum salmon distribution in North America.
Random fluctuations occurred at most polymorphic loci although they observed a geographic difference in the distribution of the Idh-2-a allele which occurred at high frequencies in northern populations of Puget Sound. This Table 2 . Gene frequencies found at fourteen loci in river or coastal populations of chum salmon calculated by weighting the data published by SEEB and WISHARD11) by sample size, Table 3 . Estimates of genetic distance among eleven populations of chum salmon in North America based on gene frequencies at thirteen loci difference is presently being used to estimate destinations of mixed populations entering Puget Sound.
The average allelic frequencies (weighted by sample size) of three areas of Puget Sound are included in Table 2 for comparisons with the data of this study. A matrix (Table 4) May and timing gradually becomes later as distribution extends southward to mid-winter in some southern populations 23,24) Although significant gaps in sampling (notably northern British Columbia) occurred in this study , the general pattern of allelic distribution is that the greatest genetic similarity occurs among proximal rivers with similar timing of runs.
This pattern is consistent with that observed in chum salmon of Hokkaido5). Future studies will reveal even more about the genetic structure of chum salmon populations. Ultimately this structure will be defined throughout the range of the species . At such a time, a powerful data base will exist for measuring the intermingling of stocks on the high seas .
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